By W. WARWICK JAMES, F.R.C.S., L.D.S. I WISH to bring before the Section to-night a few facts which are, I think, of importance with regard to the eruption of teeth. Theories have been formulated to explain this phenomenon, but, as they do not bear directly on what I have to say, I shall not discuss them. My investigations have been made of the tissues over the teeth previous to eruption; the parts examined have been in connexion with the teeth of the temporary dentition, chiefly the incisors and canines. It has long been known that the soft tissues associated with the teeth contain certain epithelial remains of the toothband and enamel organ which do not exercise any known function. I am about to show that these remains are not lost at so early a date as is generally thought, but are present up to the period of eruption and are the determining factor in directing the tooth to its final position in the jaw. I propose in this paper to give first a r6sum6 of what is known with regard to these elements as far as they concern us. I shall then deal with the subject, which applies entirely to the tissues after birth, under the following headings:
(1) The character, arrangement, and sources of the epithelium.
(2) Changes occurring in the epithelium and in the connective tissues.
(3) Imeportance of the epithelium in the eruption of the teeth.
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Previous investigations into the histology of these remains have been almost entirely restricted to foetal tissues. After birth they have been considered chiefly from the standpoint of pathology. In prenatal periods they have been thoroughly investigated and described by Malassez [1] [2], who also quotes freely from the former work of Legros and Magitot.
He finds numerous buds which are derived from the gingival epithelium (gingival buds), from the epithelial lamina, and from the external surface of the enamel organ. These buds, with parts of the dental lamina, epithelial cords, and external epithelium of the enamel organ, exist as epithelial remains, forming three principal groups:
(a) Superficial group adjoining the deep face of the gingival epithelium.
(b) An intermediate group or intermediaryplexus. (c) A deep group in connexion with the external surface of the enamel organ. The superficial group is composed of the gingival buds and prolongations of the epithelial papillary processes. The cells are usually of the Malpighian type, the peripheral ones often being cylindrical. Sometimes the central cells are extended and flattened as " globes epidermiques." They are probably certain epithelial products of the Malphigian layer which Serres has described as dental glands.
Of the intermediary plexus, epithelial products are found in the thickness of the gum between the mucosa and the dental follicle. They appear to extend along the whole of the gingival ridge, and in transverse sections may appear as large as the follicles. They are very irregular in thickness and density; the masses vary in number and in continuity; in places they are nearer to the mucosa, in others nearer to the follicles. A certain number appear on section to be independent of each other-perhaps some are so in reality-but the greater part anastomose, so that one may consider them as forming a very irregular epithelial network.
The cells are mostly polyhedral, but of no definite type, sometimes spherical or irregular. Occasionally they are cylindrical when they form an outer layer, the inner ones being polyhedral or spherical. and may be so arranged that the columns appear to be tubular. This intermediate network communicates here and there by cords of polyhedral cells with the gingival epithelium and also with the enamel organ. This epithelial plexus is probably the major part of the epithe-lial lamina (toothband) which has budded, and which has been broken up and displaced by the growth of the surrounding tissues. The buds from the enamel organ also probably play a part in its formation.
The third and deep group of epithelial remnants is derived from the external epithelium of the enamel organ and the buds proceeding from it. The buds were probably recognized by H6rissant [3] , and are perhaps what he thought were glands which secreted the enamel. Todd and Bowman described them and compared them to glandular formations. Robin and Magitot [4] gave a much fuller account of them, and later they were again dealt with by Legros and Magitot [5] . The external epithelium of the enamel organ does not form a continuous layer, as is generally believed, for on tangential sections in certain places numerous gaps are to be seen very clearly, which give the appearance of an epithelial network. This network is interlaced with vessels, so that where the windows exist in its meshes, the latter come into contact with the enamel pulp (stellate reticulum). The cells are flattened, their long axes corresponding to the long axes of the processes. At points where no network exists the external epithelium is a continuous covering and is generally thicker, and also composed of more or less flat cells. The buds which start from the external epithelium, either where it exists as a network or as a continuous layer, are formed of polyhedral cells; the deep cells are flat, like those of the external epithelium, but at the extremity of the bud they are more cubical. They resemble the intermediary network, but globes epidermiques are not seen. From this account cylindrical cells are present to a greater extent than I have been able to find them in my sections which are from postnatal subjects, whilst Malassez's sections are from foetuses between two and a half to six months. Legros and Magitot state that "the composition of the band is quite simple at first: it is composed of a central layer of small polygonal cells surrounded by a continuous row of prismatic cells;" but later, in reference to the epithelial remains, they say: " Never do we find in the debris of the cord or band the prismatic elements." It is of interest that in my sections the lower part of the toothband above the permanent tooth shows cells of a cylindrical character.
Legros and Magitot describe the dental follicle as becoming isolated in the jaw, the epithelial cord being ruptured, so that it is no longer directly connected with the mucosa. This rupture of the cord is placed in their table as occurring at the fourth month. Further, they say: " The epithelial lamina, once deprived of its continuity with the .123 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from follicle, becomes the seat of a marked proliferation of the elements which compose it." And, later: " Whilst the formation of buds is going on at the expense of the remains of the cord, similar changes are occurring on the external surface of the enamel organ. It is at the highest point of the enamel organ that these buds are most abundant, diminishing in number little by little upon the sides. They anastomose laterally and also with the buds of the cord, so that an irregular network is seen." They therefore seem to imply that the primary connexion is lost, and a secondary one established by the anastomosis of the buds.
From the above accounts it would seem that the formation of the toothband and its processes which give rise to the enamel organs is far less simple than one is led to think. The usual descriptions lead one to believe that with the formation of the enamel organ the toothband has performed its function and undergoes atrophy. Yet I venture to suggest that the proliferation and the formation of buds indicate a continuous growth which continues with variable activity until eruption of the teeth takes place. It is true the above descriptions apply to the fcetus and it is also true that much of the epithelial tissue undergoes atrophy. It is to the proliferation and atrophy of this epithelium that I wish particularly to draw your attention. I will first refer to Rose's paper [6] .
Legros and Magitot published their researches in 1873. In 1885 Malassez's paper appeared, and in 1891 R6se, using Born's method of modelling, showed more accurately what occurs. With regard to the toothband he says: "The forepart becomes modified, showing marked thickenings, whilst the intervening parts are attenuated and in places separated in their continuity. This process goes on continuously from before backwards, so that at birth and later the sections show that the front part of the band consists only of apparently disconnected epithelial fragments, whilst the back part is still a smooth and an unbroken band" (shown well in his models). He describes the external epithelium as showing marked proliferation near the apex of the tooth, where it forms low papillae-like outgrowths. These increase in size and number; between them interruptions occur in the continuity of the epithelial cell layer. With the changes which cause the toothband in front to become sieve-like, this structure's connexions with the surface epithelium have been partly severed; similar changes occur in the connecting bridges, but in a much higher degree.' On section these are generally I R6se objects to the term " neck of the enamel organ," as there is frequently more than one cell column connecting the enamel organ to the toothband, and suggests the term " connecting bridges." There may be only one for those anteriorly situated. seen, as is often the case with the toothband, existing as apparently disconnected fragments of epithelium. The connexion of these as a continuous network was first shown definitely to be so by the reconstruction method. Later, epithelial fragments become separated and lie free as the tooth-band becomes more broken up. They may persist unaltered, or enlarge to form epithelial pearls or little cysts. So far, with a few exceptions, the accounts given refer to the conditions found before birth. With regard to the fate of these epithelial products, Legros and Magitot state: ". . . all end by being entirely absorbed and disappearing." It is probable that such statements as this have led to the view at present generally accepted, which is summarized by the following statement by Mr. Hopewell-Smith [7] : ". . . nothing intervenes between the oral epithelium and the stratum intermedium but a large amount of submucous tissue composed of long branching fusiform connective tissue-cells imbedded in a thin stroma, which also contains blood-vessels and at times tiny masses of epithelium (glands of Serres). The latter are derived from the fenestrations of the tooth-band."
The two following statements concerning the epithelial remains over the permanent tooth are of importance. Rose says: " This leading string (gubernaculum dentis) consists entirely of connective-tissue fibres which are separated by epithelial remains of the toothband. It has no physiological significance." Malassez also says: " In the gubernaculum dentis there is no canal, properly speaking; but there are numerous epithelial cells. Their direction is longitudinal, like the connective tissue. In the lower parts they are more abundant and more voluminous; they anastomose frequently between themselves, and form thus a rich network; besides this, they show in places kinds of lateral buds in the form of bundles."
The following from Legros and Magitot is of particular interest, for they recognize the atrophic changes which occur at the period of eruption: " In the human embryo the remains of the cord of the temporary follicle are found almost beyond the time of the formation of the permanent follicles, and it is probably during the movement of eruption that the buds wither. It is nearly the same in the dog. In the calf and the sheep it seemed to us that the disappearance was earlier; but we believe that generally it is towards the time of eruption that it is complete. The physiological meaning of these phenomena appears difficult to determine." I now proceed to deal with the subject under the headings already enumerated THE CHARACTER, ARRANGEMENT AND SOURCES OF THE EPITHELIUM. I wish to establish the following points -(a) That the epithelium is produced continuously up to the period of eruption.
(b) That there is probably a continuity of epithelial tissue extending between the surface epithelium and the remains of the enamel organ.
(c) That the epithelium is derived from three sources: (1) The external epithelium of the enamel organ. (2) The toothband and the connecting bridges. ( 3) The surface epithelium.
(a) In order to establish this first point, my sections from infants of two weeks and onwards show that previous to eruption the tissues overlying the tooth contain epitheliumn in considerable quantities and that it is distributed in a similar manner to the epithelial remains in the foetus.
There is much variation in the character of the cells according to the stage of eruption at which the tooth has arrived, but the general distribution is the same. As we have already seen, with the growth of the tissues the toothband has become broken up so that the arrangement becomes more in the form of cords or columns; some of the cells undergo atrophy, but associated with this is the formation of buds and an increase of the epithelium. The latter must have occurred if my second point is correct, for with the growth of the neighbouring tissues the enamel organ and the surface epithelium have become further separated, and in order to maintain the connexion by epithelium between these proliferation must have occurred. There is also a cap of epithelial cells over the erupting tooth, to be found at all stages, which must also have proliferated in order to accommodate the increase in size of the crown of the tooth. In the earlier specimens very large collections of epithelium are found passing in from the surface epithelium and are possibly directly derived from the toothband as they form a distinct line running parallel with the gum ridge.
(b) The second point can only be definitely established by the reconstruction method (Born's models), as has been done by Rose in the earlier periods. I have endeavoured to determine it by cutting series of transverse sections, commencing from the gum ridge and examining each section until the tooth is reached. In all these sections collections of epithelial cells are found, but varying in size and number. Those sections nearest to the surface show the epithelial interpapillary processes cut across. Immediately below this the epithelium is very variable in -Two transverse sections from a series which showed the epithelium to be more or less continuous between the surface and the tooth.
(1) epithelial column, a, cut across; (2) epithelium lining sac, a; tooth cut across, b. amount and its continuity is sometimes difficult to trace, the collection of cells frequently being very small, but when this occurs they are usually numerous. There may be one column which is quite definite. In one of my series this column is connected with the surface epithelium a short distance below the gum ridge and stains somewhat differently from it. In following the epithelial columns from section to section, besides the variation in number one does not always find it exactly in the spot one seeks for it. This coincides with what one expects from vertical sections, for here the columns are nearly always cut across, appearing as a rounded group of cells, and only occasionally does one find therm so as to appear as a cord cut longitudinally. The tortuous nature of the column accounts for this. The permanent toothband, which has undergone less change when seen at the same time in vertical sections, is of this character. In some of my sections it can be traced more or less throughout its whole length on the same slide. The column of cells can be followed until the epithelial cap which is surrounding the tooth is reached. In one of my series the column passes directly to the top of the epithelial cap, but in others it passes to the side of it and appears to be connected by numerous small columns. This variation is probably due to the difference in the state of eruption at which the tooth has arrived. In the former the tooth was very near the surface; in the latter eruption had hardly commenced. In Rose's models the toothband is not connected near the apex, but slightly to one side. In the neighbourhood of the tooth the tissues contain more epithelium, chiefly as small collections of cells. The cells are mainly polyhedral in type or somewhat flattened, until the epithelial cap is reached, which I shall describe shortly, as well as the changes which can be seen in the cells themselves. Columns of cells can be traced further, for they pass to one side of the temporary tooth to become eventually connected with the permanent tooth germ, as is well seen in vertical sections. In two of my series of transverse sections I was able to cut vertical sections of the corresponding tooth of the opposite side and so compare them. The sections which involve the tooth show a definite layer of epithelium lining the inner side of the follicle. It has been recognized for some time that the cap of tissue covering the unerupted tooth is lined by epithelium, but no particular importance has been attached to it. Dr. Paul [8] recognized its nature, and Mr. J. G. Turner has recently drawn attention to it. It is difficult to obtain sections without displacing this layer, but it is possible to determine its nature from the parts which are here and there intact. I do not mean it is impossible to get the complete ring of epithelium surrounding the tooth, but its relationship to the neighbouring tissues is often disturbed and the innermost cells are frequently removed.
(c) The epithelium is derived from three sources, as enumerated above, and corresponds closely to the description already given as occurring in the foetus the last shows numerous buds and loops projecting into the neighbouring connective tissue. The enamel organ undergoes changes as it develops its special function, but with these I shall not deal, although important changes in the external epithelium are described. The stellate reticululm disappears and the inner layer (ameloblasts), with the stratum intermedium, comes into contact with the outer layer. This is well seen in my earlier sections, where these different strata of epithelial cells consist of an inner layer of columnar cells in contact with the enamel; next to this is a layer which may be more than one cell deep, composed of flattened cells placed end to end (these may correspond to the stratum intermedium), and an outermost layer. The outermost cells are slightly elongated and vary in number, forming irregular layers; they are usually numerous and form slight projections or loops where they are connected. These loops and projections are most marked in the neighbourhood of the remains of the toothband, which can be seen distinctly in early sections. The remnants of this band (in my sections) are connected with the external epithelium towards the upper part of the side on which the permanent tooth germ lies. It is difficult to say how much of these columns is derived from the external epithelium of the enamel organ and how much from the remains of the toothband (or remains of the connecting cord, as it would be here). The cells in the processes projecting from the remains of the enamel organ are rather more rounded or polygonal than those situated directly outside the two layers first described, but their continuity is such that they havre obviously been derived from the external epithelium, with the exception just noted. The nuclei in all the cells of this outermost layer are active and deeply stained. Sections cutting this epithelial cap in different parts show that the activity of the external epithelium of the enamel organ in producing buds, varies. Before the complete loss of the stellate reticulum it is very marked at the lower part of the enamel organ, but the most important point to us is the greater activity in the region of the remains of the toothband. At a later period in sections of the tissues lying immediately over the tooth which is just about to erupt the epithelial lining of the sac also varies according to the region cut. In one part, usually over the apex and rather to one side, marked activity with the formation of processes projecting into the surrounding connective tissue is seen, but at other parts the epithelial cells are arranged in layers several cells deep (there may be as many as twenty) and sharply marked off from the overlying tissue. The cells nearest to this tissue are seen to be the most active, whilst those nearest to the tooth are often flattened or appear to be degenerating. The columnar cells (ameloblasts) are not present at this stage in any of my sections. On the outer side of this cap of epithelium the connective tissue forms a very definite zone, and is markedly different from the tissue of a similar character which lies over it. In this definite zone the connective tissue is very fine, loose and not well stained, whilst the epithelium found there is undergoing degeneration or atrophy. The epithelium exists as small columns and frequently as scattered cells; the cells of the outermost layer of the epithelial cap (external epithelium of the enamel organ) are proliferating, and apparently those cells which pass into this zone as isolated cells rather than in the form of buds are undergoing atrophy. This area can well be described as a "zone of rarefaction," for associated with the changes occurring in the epithelial cells situated there the connective tissue becomes markedly changed in character, being much looser and finer, as described above. This zone of rarefaction is found in all sections of the tissue over the tooth in the stages of eruption. The epithelial cells are all of the polyhedral type; those on the tooth side of the epithelial cap are frequently considerably flattened, whilst those undergoing degeneration or atrophy show badly-stained cells, which are swollen and granular, with indistinct nuclei, but it is not common to find these cells distended with fluid. The zone of rarefaction is well marked off from the tissue overlying it, as the latter is deeply stained.
(2) The Toothband and the Connecting Bridge.-We have already seen that there is a more or less direct continuity of epithelial tissue between the surface epithelium and the epithelial cap of the tooth. Also that this epithelium exists in the form of cords or colilmns, which are tortuous, and that near the surface the arrangement is such as to suggest its persistence in the form of a band. In vertical sections comparison can be made between the different parts of this structure. The cells are almost entirely of the polyhedral type, except when undergoing changes which I am about to describe. The columns of cells are usually seen cut across so as to appear as isolated collections which present a rounded outline. They vary very much in size, often being large enough to be visible to the naked eye, but more numerous smaller collections are also found. The, largest masses are found nearest the surface, and it is in these particularly that the cells undergo the change already referred to, although it is also not unfrequently found to be occurring in the smaller collections. In-this metamorphosis the central cells proliferate, the outer become flattened and elongated, so that together they form long coiled fibres, a most characteristic appearance. Later, the central cells show-marked degeneration, becoming swollen and indistinct; it is probable that the degeneration is complete and of a fluid character, for spaces are found which are never fully occupied by the elongated cells. Where this change occurs all the cells are not necessarily involved. It is common to find these coils with no active cells present, and only with difficulty can the remains of the nuclei be seen. At times active cells may be found surrounding the coil, or cells which have undergone no change may be situated to one side; the latter is presumably due to the column being cut obliquely, as the mass is usually oval. The coils are more or less spherical, as they are almost circular in section, in whichever plane they are cut. The changes apparently take place at certain points in the columns. Without doubt these fibre-like coils are derived from epithelial cells for they can readily be demonstrated to be so by using " van Gieson " stain, which colours the epithelium yellow and the connective-tissue fibre red. The columns connecting these coils are frequently quite small. The distribution of these coils is of interest; they are found in connexion with the surface epithelium and the remains of the toothband, but not in the region of the tooth-follicle. They are mentioned by Legros and Magitot who speak of them as " globes epidermiques," but they do not give any account of their structure, although they describe their distribution, as also does Malassez. Possibly Robin and Magitot gave a detailed account of them, but I have been unable to obtain a copy of their paper.1 These coils, when large, apparently open out on the surface; the smaller (especially those deeper in the tissue) appear at times to become flattened out. In transverse sections, what was described as possibly the remains which existed in the form of a band is seen to consist of masses of cells placed side by side, many of them undergoing transformation into epithelial coils. I venture to call these structures "epithelial coils," as the name is suggestive of their appearance; the names which have been used formerly are loosely applied, and are not altogether satisfactory. The degenerative changes which have already been described as occurring in the processes derived from the epithelial cap of the tooth apply also to the cells of the remains of the toothband as the process of eruption takes place.
(3) Surface Epithelium.-The surface epithelium shows very little alteration at first. In places it is seen to be thinner. It is also thinner where it lies over a superficial epithelial coil, except where the coil is in contact with it, when it may be considerably thickened. The deeper I In the discussion following this paper these structures were spoken of as the " glands of Serres." On referring to the " Essay" by Serres [11] I believe he probably refers to these, although he does not describe their characteristics, dealing more with their function than with their structure. layers of cells of the surface epithelium can often be seen surrounding one of the coils. It is difficult to say whether this has originated in the surface epithelium or has become enveloped by it; the former process almost certainly takes place during the later stages, but the coils are not so large as those arising in the upper part of the toothband at an earlier period. Marked changes occur in the surface epithelium as the tooth approaches it. The large quantities of epithelial cells scattered throughout the tissue are partly derived from the two sources already named, but also from the surface epithelium; it is difficult to say how much is be seen, some of them contributed by each. The deepest parts of the interpapillary processes at those points where epithelium is present in the subjacent tissues show marked proliferation. These processes may extend to a greater depth, or the epithelium may be of considerable thickness without showing any marked processes, the deeper cells being very active; they may also be seen forming epithelial coils. The proliferation is of such a character that the basement membrane appears to be lost and the epithelial cells appear to be in direct relationship with the connective tissue. The presence of epithelial coils in the surface epithelium has already been mentioned. These can be seen even to the stage of perforation of the gum by the tooth, but they are not large nor are they so common. When the tooth reaches the surface the epithelial cap comes into contact with the surface epithelium, and sections show a thin layer of epithelial cells over the tooth. These two layers of cells can be seen connected at the margin of the perforation.
FIG. 5.
Epithelial coil opening on the surface.
THE CHANGES OCCURRING IN THE EPITHELIUM AND IN THE CONNECTIVE TIsSUES.
These changes have been described to some extent in the above account, as the productive and degenerative or atrophic changes are seen to be taking place at the same time. The latter changes occur particularly in the area immediately outside the external epithelium of the enamel organ or epithelial cap, and this I have called the " zone of rarefaction." It is exceedingly difficult to distinguish exactly what is the nature of the tissues here. I think the term " rarefaction" perhaps expresses the change better than degeneration or atrophy. When first examined with a low-power objective the tissues seem to be almost entirely composed of a very fine and loose fibro-connective tissue, with several blood-vessels, some collections of epithelium, also rounded spaces, from which it is probable the epithelium has been displaced. On careful examination with high-power objectives the structures are found to be less simple than at first appears. Immediately outside the epithelial cap over the tooth cells can be seen which have obviously been derived from it; these cells vary, but many can be seen with a faint outline and badly stained, the distinctness of the nucleus varying with the state of atrophy. The cells frequently have an appearance as though branched; in fact in some parts the reticular character of the tissue appears to be largely due to the branch-like appearance of the altered epithelial cells. It is possible this appearance is due to degeneration of the epithelial cells in the fibro-connective tissue, which is also undergoing atrophy, or perhaps to the disintegration of the cell, the cement substance remaining giving rise to the reticular appearance. It is an extraordinary fact epithelial cells should be found scattered in this manner in fibro-connective tissue. The connective-tissue cells can also be seen to be undergoing atrophy with the other structures situated in this zone. The nature of this zone can best be studied just previous to the perforation of the gum.
In the process of preparation the tissues here are very likely to suffer, and in some of my sections they appear almost as if they had been brushed in order to remove all the cellular structures. It is very probable that the cells would be much more easily removed when under- going -these atrophic changes. Counter-staining with "van Giesen" stain is of some assistance in determining the character of these tissues. The other change of particular interest to us is the formation of epithelial coils. These have been described already in some degree. They are found in the remains of the toothband and in the surface epithelium. In the early stages they arise chiefly in that part of the toothband which is nearer the surface, and here they are large, presenting a most characteristic appearance, the largest usually being nearest to the surface, and they are found to be smaller as the tooth is approached. Although they may be seen quite near to the temporary tooth follicle, in connexion with the permanent toothband, they are never found directly connected with the external epithelium of the enamel organ. The epithelial coils which are seen on examination of the surface epithelium are derived from two sources. Some have originated in the surface epithelium itself, whilst others formed priinarily in the toothband have become enveloped by it; these open out on the, surface. The depression produced by this "opening out" might possibly be mistaken for a fold in the superficial epithelium, but the exact relationship can only be determined by examining successive sections. The outline of the epithelium surrounding the depression (see fig. 5 ) should show some indication of interpapillary processes if this were merely a fold. This opening out on the surface is the chief mode of termination of these epithelial coils, but some of the deeper coils appear to be flattened, and it is possible they may be obliterated in this way; but it applies to only quite a small number, and probably never, to the larger coils.' THE IMPORTANCE OF THESE CHANGES IN ERUPTION OF THE TEETH.
It is not easy to appreciate fully how the epithelium will assist the tooth in eruption. The chief function I wish to attach to it is that it directs the tooth to its position in the gum. The path of eruption is prepared by the degeneration of the epithelium; the tissues, which are apparently very dense, become loosened and rarefied by the ramifications of the epithelium, and particularly by the changes in the zone of rarefaction. The epithelium probably extends completely from the tooth to the surface; if the continuity be incomplete the epithelial processes can very readily come into relationship with one another.
In the first stages of eruption the epithelium (ameloblast) is in connexion with the tooth, so that the epithelial cap must be carried with
Surface epithelium
Epithelial coil Q the tooth if it actually moves through the tissues in this stage. It may not do so, for the part played by the epithelial coils may be sufficient to account for the diminution in depth of the overlying tissues. This diminution is brought about by the epithelial coils opening out on the surface, this " opening out " being largely due to the lateral growth in the tissues with the increase in size of the jaw. This opening out will thus lead to a diminution in depth equal to that of the epithelial coil-a considerable amount, as one can see in the vertical sections (see diagram). The increase of the tissues in the vertical plane must be remembered.
It would be of great value to determine the depth of the tooth below the surface at different ages. The only record I am acquainted with which i might be of value is the atlas of Symington and Rankin [9] , but it is insufficient for this purpose. One factor of considerable importance is the growth of the tooth, which must play a part, although it is well known it is quite instifficient to account-for the whole process.
In the last stages the epithelium lying immediately over the tooth appears to undergo degeneration. I hesitate to state this definitely, at present, although I am much inclined to think that it occurs. It is almost impossible to gauge to what extent the cells have been lost during the process of preparation. Should this change occur, it would undoubtedly aid the process of eruption. Clinically, we are all acquainted with the small cystic swelling found at times over an erupting tooth which is described by Tomes. The model which I have here from the museum of the Royal Dental Hospital demonstrates this. I have endeavoured to collect this fluid, but I have not been successful owing to the small amount of fluid present and the difficulty of keeping the child still. It is well known that the cap of tissue overlying the tooth, immediately before it erupts, can be very readily separated, and it is possible to pass a probe between this tissue and the tooth as far as its neck.
It is worthy of note that clinically the first molars are frequently found to articulate immediately the gum is pierced, and in such a case absorption of the gum will play a considerable part in completing the eruption of the tooth, but this factor cannot possibly be of value with regard to the premolars. It is interesting to compare the process of eruption during the development of a hair. " As the young hair reaches in its growth the upper part of the follicle, the central cells which block the neck of the follicle undergo a kind of fatty degeneration" [10] (Quain) .
I have called this communication a preliminary note, as I feel that so very much more work has to be done upon the subject, particularly with regard to the permanent teeth, and especially in those cases where the complete healing of the gum has occurred after the removal of the temporary tooth. i8o DISCUSSION.
Mr. HOPEWELL-SMITH was sure that the Section much appreciated the most excellent paper to which they had listened. It represented a vast amount of work; a great many sections had been prepared by imbedding in paraffin, which involved a lot of time. The paper showed that a question like that of the eruption of the teeth and many problems which they had to face could be treated by various methods. There might be a histological aspect of the question, but there were other sides-the physiological and the pathological sides.
The speaker had given his hearers the interpretations he had placed on examination by the minute anatomy of development. The pathological side of the question was a very important one also, on which they ought to have in the future a paper. He meant one dealing with the causes of non-eruption or partial eruption. In following the lecture that evening it seemed to him that the epithelial coils that Mr. James described were what they had always known as the so-called glands of Serres. Mr. James had pointed out that a probable function of those so-called glands of Serres is the atrophy of cells and the formation of spaces into which the teeth might erupt. But as to whether those epithelial coils existed in the case of teeth which erupted in the illformed bone found in the teratomata, or in cases of eruption into the nasal fossee, one did not know anything at all of that side of the question. Still, behind all there was an eruptive force about which he would like to know the truth. In a way of speaking, he thought it was simply a physiological process. One could not explain it, or reduce it to a mathematical formula or a histological deduction. What was that force? Many theories had been written or expressed on the subject, but he did not think any were particularly satisfactory. Personally he believed the eruption of the teeth was purely a physiological process, and could not be written down as being especially due to this, that, or the other thing. There was no denying that there is a force behind the eruption of teeth; it was a physiological matter beyond their comprehension, or at all events past any method of interpretation. Mr. James had called his paper " A Preliminary Note"; he (the speaker) hoped that before long he would give the Section a concluding note.
Mr. SYDNEY SPOKES thought they must all admire the energy which had led Mr. James to track his " coils" to their lair in the way he had done. He thought he was to be distinctly congratulated in tracing out that winding pathway, but was hoping they should hear a little from the lecturer as to the formation of that little bag of fluid which was often clinically found preceding the crown of the tooth just underneath the free surface of the mucous membrane. As he understood, Mr. Warwick James in many of his cases had been able to trace the epithelium in continuity from the inside of the dental follicle. It seemed to him (Mr. Spokes) that in that case there was no room for that little bag of membranes, which always seemed to prepare the way by hydrostatic pressure for the advance of the crown in a somewhat analogous way .to what the obstetrician felt with his finger in the dilatation of the os uteri. Perhaps Mr. Warwick James might in future be able to tell them how the little bag of fluid was formed and where that fluid came from. That might be a little side-issue for an original investigator to track out and give some more information upon.
Mr. J. G. TURNER said that Mr. James mentioned that he made some sections, and perhaps Mr. James thought he had laid too little stress on them. He (Mr. Turner) was rather proud of those sections when he made them. He attached some importance to them because for the first time it was clearly shown that the crown of an erupting tooth was entirely surrounded by a layer of epithelium facing it, more or less cubical epithelium in the sections he cut from an erupting molar-the second temporary molar of a child. He cut those sections because he thought it was possible that epithelial proliferation had something to do with eruption. His idea was that possibly epithelium in some way helped to destroy the tissues in front of the erupting tooth. One found frequently little gland-like masses of epithelium on the coronal side of the erupting tooth, apparently in some way connected with the buds found on the periphery of the enamel organ. But one found that the buds were the more numerous at the growing point of the enamel organ, so that he -was rather led to discount the eruptive value of the epithelium proliferating over the tooth. Again, between the actual gum epithelium and those little masses it was not very common to find much epithelium. One found those masses of Serres, but just at the time of eruption they were no more frequent or no more necrotic (so leaving spaces) than quite early in the life of the child. So he rather considered that if there were anything in eruption due to epithelium it would be by a secretion between the external layer of the enamel organ and the enamel, and consequent pressure in the same way as the bag of membranes to which Mr. Spokes had just alluded, destroying the tissues and allowing the teeth to be pushed up. He was led to think that these things might be correlated by noting that dentigerous cyst was commonest, in fact existed only, in cases of teeth that were liable to obstructed eruption. He had never seen a dentigerous cyst of the first or second permanent molar; it was common with the third and with teeth of succession. He had never seen one yet with an unerupted and unobstructed tooth. The next thing he noted was whether or no a dentigerous cyst was lined with epithelium? Undoubtedly it was in all cases. There always was epithelium, and there nearly always was the appearance of a few of these columns and gland-like masses in the wall outside the epithelium. The little cysts that were found over erupting teeth were also lined with epithelium, sometimes very thick and sometimes almost necrotic and scarcely staining. So that one looked at a dentigerous cyst as an effort of nature to remove the obstruction to eruption; and one was inclined to think that perhaps normal eruption was connected with something at one end of the scale of dentigerous cyst. Sir John Tomes had already suggested that the fluid that was let out when they cut those small cysts over an erupting tooth might have something to do with the normal process of eruption. Still, there was a difficulty left; because lots of teeth erupted that were covered with cementum; and there was a specimen that Mr. Smale gave to the Society of a dentigerous cyst of a Cape buffalo, caused by an obstruction of an odontome of the first molar, containing the second and third molars-both teeth being covered by cementum. Specimens were wanted to show whether those dentigerous cysts were lined with cementum. Also specimens were wanted to show what was the relation of the cement organ in the normal case of eruption of cement-covered teeth to the epithelium of the enamel organ. He had just got a small lamb's head-one of his own that unfortunately died-and he was going to try and get some sections, and if Mr. James cared to make the sections he would be very pleased. In these cases the bag-of-membranes theory could not apparently hold water, but the road for eruption might still be prepared by proliferating epithelium.
The PRESIDENT (Mr. Leonard Matheson) asked Mr. James whether he was right in supposing that the lecturer's wish was to convey his opinion that the eruption of the teeth was affected more than had hitherto been supposed by the epithelial cells that were found connecting the region of the erupting tooth with the surface ?
Mr. WARWICK JAMES, in reply to the President, said that he had a summary at the end of what he thought were really the factors in regard to eruption. He believed one was the epithelial coils, or glands of Serres. Those, he thought, played a part in diminishing the depth of tissue over the tooth. Either they became flattened out-generally, they were small if they did so-or they actually opened out and became continuous with the surface epithelium. The other factor, he thought, was the degeneration occurring in the layer situated outside the external epithelium. One found degenerating epithelium in that particular area. If there were an erupting force-Mr. Turner suggested bone growth; Mr. Hopewell-Smith suggested physiological process-it must be a force of some kind, and normal growth of the surrounding tissues appealed to him (the lecturer) more than anything else. The tooth passes up into the external area which is atrophied, so the tooth could advance with its own growth partly, and partly with the growth of the surrounding tissue; but this is mainly theoretical. The chief point of the paper he wanted to make was that it was the directing factor in bringing a tooth to the surface. If one considered the large number of teeth erupting-the enormous number-and that they always came more or less to the same point in the gum, there must be some directing factor, and he thought it was the epithelium which persisted. The columns of epithelium were not single, but multiple, so that there was some variation possible in the route to be taken. He had intended to say something about the pathological conditions, but thought it was better to leave them alone rather than just to mention them. Certain pathological conditions occurring in the jaw indicated that degeneration could occur in those epithelial masses, and that they very frequently did so. With regard to the molars, he was very interested to hear of the second and third permanent molar in the Cape buffalo being situated in the same cyst. Because, if one considered the toothband in the molar region-taking the second temporary tooth and so on, ending up with the third permanent molar-as they erupt they come up one behind the other, a point of very great importance in determining the position of these teeth. If degeneration occurred in that band, then it would be quite easy for the teeth to be situated in the same cyst. He had not worked at the permanent teeth really; he had a few sections. He laid stress on the fact that the gubernaculum dentis contained epithelium, because he thought the point he was putting forward would be useless if it did not also apply to the permanent dentition. With regard to Mr. Hopewell-Smith's remark as to aberrant teethnot erupting, but passing in different directions-he thought it was quite possible, by the growth from the external epithelium of the processes which passed outwards and anastomosed. It might be possible for eruption to take place in that way, although there might be no other aiding epithelium. They knew, as a rule, that those teeth which erupted in abnormal positions were late in erupting, and it would very likely take a long time, supposing that to be the explanation. With regard to the glands of Serres, he tried to find the original paper written by Serres, but had only just found the reference to it. He might have very well asked what would be the generally accepted condition of the glands of Serres; but they were so differently described that it was difficult to make out what was meant by a gland of Serres. He did not know exactly that it corresponded to the epithelial coils. He knew the epithelial coils had been described before, as long ago as 1873, by Legros and Magitot. With regard to the bag of fluid, he really had something to say about that too. The internal epithelium and the external epithelium were in contact up to three months. He found them in nearly all his sections of three months, and even later. But as to the character of the external epithelium, he could not ascertain where it was changed, at what stage exactly they obtained this number of flattened cells or polyhedral cells which Mr. Turner spoke of as cubical. They, were several layers deep. It was different from the external epithelium in younger subjects when the internal epithelium and external epithelium were in contact, but later on there appeared to be degeneration occurring on the tooth side of this layer.
It was possible that the fluid was formed there by degeneration of the inner side of the epithelial cap, so that they had really degeneration going on on both sides of that layer. It could not continue for a very great length of time.
